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Studies on the Effects of Combined Application of Alginate-derived Oligosaccha-
rides Synergistic Urea and Organic Manures in Soybean
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Abstract: In order to improve nitrogen use efficiency and achieve economical production of soybeans, pot experiment was car-
ried out to study the effects of combined application of alginate-derived oligosaccharides( ADO) synergistic urea and different
organic fertilizer ( exquisite organic fertilizer, humic acid fertilizer, seaweed granular fertilizer and biochar) on photosynthetic
characteristics, yield and nitrogen (N) utilization efficiency of soybean. The results showed that compared with common urea,
ADO synergistic urea raised the SPAD value and net photosynthetic rate( Pn) of functional leaves under the same N level, and
total dry matter accumulation and yield were also significantly increased by 22. 5% and 9. 7% , respectively. Moreover, root
nodule number, N accumulation and utilization efficiency were significantly higher than those of common urea treatment. N ac-
cumulation of 80% N level treatment was significantly decreased by 7. 3% compared to that of full N level treatment, but its
yield, N utilization efficiency and dry matter produce efficiency were significantly increased by 5.3% , 12. 6% and 5. 4% , re-
spectively. In addition, under the condition of 80% N level, the numbers of nodes on main stem, total pods and root nodules
per plant of the treatments of combined application of ADO synergistic urea and four organic manures were significantly higher
than those of the only ADO synergized urea treatment, Moreover, the combined application of ADO synergistic urea and humic
acid fertilizer raised the proportion of grain and pod shell and reduced the proportion of stalk, thereby increased the yield by
3.6%. The combined application of ADO synergistic urea and seaweed granular fertilizer raised Pn at flowering stage, root
nodule number and N utilization efficiency. The combined application of ADO synergistic urea and biochar raised the SPAD
value and Pn of functional leaves at early growth period, and promoted the accumulation of dry matter and N. Overall, the
combined application of ADO synergistic and humic acid fertilizer or biochar had better yield and fertilizer-saving effects in
soybean under the condition of experiment.
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Different lowercase above the columns mean significant difference between different treatments at the same growth stage (P <0.05) , the

same as below.
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P B0 6. 2% F19. 1% . FrA7 AUN ZhBE K o
WUE F1 Ci 3418 25 (/% F X} HE A1 100% UN 4h 3, Horp
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Effect of different treatments on plant height and SPAD value of soybean function leaves
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Table 1 Effect of different treatments on photosynthesis characteristics of soybean
Qb3 HOCE A Pn/ o KRR WUE/  SALRBE Gs/ Jfifa] CO, W Ci B Tr LRI Ls
Treatment  (pmol'm2+s™')  (pmol-mol™')  (mmol'm~2+s™")  /(pmol-mol™')  /(mmol-m~?+s~")
CK 13.93 d 2.208 a 0.55¢ 330.23 a 6.31 d 0.214 ¢
100% UN 20.36 b 2.265 a 1.03 a 324.74 a 8.99 ¢ 0.227 ¢
100% AUN 22.07 a 1.928 b 0.74 b 299.14 b 11.45 a 0.288 b
80% AUN 19. 66 ¢ 1.789 d 0.62 be 294.69 b 10.99 b 0.298 b
80% AUN + JM 19.95 be 1.745 d 0.67 b 297.82 b 11.43 a 0.291 b
80% AUN + FM 20. 09 be 1.810 ¢ 0.62 be 290. 92 be 11. 10 ab 0.307 b
80% AUN + HM 20.87 b 1.849 ¢ 0.69 b 295.48 b 11.29 a 0.296 b
80% AUN + CM 21.45 ab 2.020 b 0.57 ¢ 282.55 ¢ 10.62 b 0.327 a

[ S BTG A R NE FRERRTE 5% AKF L2252 FIAl,

Different lowercase in the same column refer to significant difference at 5% , respectively. The same as below.
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K 100% AUN LB S R 251 B0 B 38 & T X0 I8
F1100% UN &b 3, 43 5] 48 2z 38 20. 3% (11.5% .
8.0% . 11.5% 1 21.0% . 12.2% .8.7% . 12.2% ;
80% AUN 4b P 5 X HEFT 100% UN Aib # i 25~ [%
8. 0% F17.4% . JIr A Jita A AL B R LA R0 AL
JENTHEAY 2. 47 ~3.55 4%, L 80% AUN + CM ib ¥ £

75, 85 100% UN b g 3600 27. 7% . FrA it A
Qb B K SRR B ) 3 = T X AR LA 80% AUN
+ HM Ab 3R ¥ i %, 43 0 386 BFT 1009% UN 4k
PRI 4. 91 ~4.16 (K 2) . LG REY], A AT
BN 200 A8 53 R B R AR I8 B, B AR 5 8 v B
) 25l U AR A I, Vi S PR R R T
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Table 2 Effect of different treatments on agronomic characteristics of soybean

K2 AEAAEWNKERZIHEIRHZN

Jb 3 GERIE FENH AR MR
Treatment Bottom-pot height/cm Nodes on main stem Number of branches Number of root nodules
CK 12.35 a 9.42 ¢ 1.08 ¢ 0.42 f
100% UN 7.81b 9.36 ¢ 3.00 b 1.17 e
100% AUN 7.46 b 10.50 b 3.58 ab 3.50 ¢
80% AUN 7.42 b 8.67 d 2.92b 3.08 d
80% AUN + JM 8.17b 9.33 ¢ 2.92b 4.17b
80% AUN + FM 7.08 b 10.50 b 2.83b 3.83b
80% AUN + HM 8.17 b 10.17 b 2.67b 5.33 a
80% AUN + CM 7.08 b 11.33 a 3.83 a 4.17b

2.4 AREGEINKXETFYRRE RSB
Jiifi AUN ZhBR K SRS FF T R 3 B 35
TXFREAD 100% UN Ab B, 3 5 8 2 38 0m 27. 1% ~
71.9% 1 12.9% ~ 52.6% , 1k 100% AUN Fl 80%
AUN 4bHf 7. 100% AUN . 80% AUN + CM . 80%
AUN + HM .80% AUN + FM &b 3 i) 3% iz 4 Jo # 1
3 T X BEORT 100% UN &b B 43 51 #5222 38 0

13.6% .18.1% . 12.6% .8.2% F1 13.3% . 17.8% .
12.3% 7.9% , 100% AUN .80% AUN 80% AUN +
FM #180% AUN + CM Ab B AR T4 i B2 8 & =
FXF HE AT 100% UN AbH 43 51 55 % BE 38 58. 7%
61.3% 58.7% 1 57.3% , % 100% UN 4b 3 54 i
21.4% 23.5% 21.4% F120.4% , Fir45 AUN kb3
FAPFFRL T4 Jo 2 LR, T ) Jo o 34t 2 v T R
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100% UN b 3, Hvboke bz ) Joz 51 43 il 5 2 38
19.2% ~30.0% F19.7% ~9.0% , Lk 80% AUN +
FM 4b P 38 05 e K & T 9 T 5 43 0 5 2 8
21.2% ~31.9% f112.8% ~22.8% , 1)) 80% AUN +
CM F180% AUN LhBEMANR R H (F23) .,

% 80% AUN + FM b B A1, Hi 4 AUN Ab B A K
GREFFT T o R B2 X BT 100% UN
REBR A3 B8 2z 180 13.9% ~ 30.5% F1 8. 8% ~
24.6% ,1J 100% AUN F1 80% AUN Kb 33 3 I £ K .
AUN b3 (9 35 Bz 90 52 B o bb #8 I 35 350 %) BRAIG
10.4% ~18.2% , 1)k 80% AUN F180% AUN + JM 4b
FRRE MR A, 80% AUN Fi1 80% AUN + FM ib35 4 AR

TP T i L3 i 2 e T X BRI 100% UN 4b 3, 43
W Z e 24. 7% . 28.9% F1 2. 8% .6.3% ; 80%
AUN + JM 4b 300 73 5] 85 2 8 2 BE AR 21. 7% F1
35.4% , 80% AUN + FM 4k 3 66z T4 5t Br o5 L
151 4. 3 v T X BERT 100% UN Ab 3, 23 51l 48 22 34 Jin
5.7% F14.6% ,100% AUN Lb 38| 43 4% 2z i 2 F
F$9.5% F110.5% (£ 3) . &5 RFRW, [R5 A
HAAET SR AUR Z e KO T iR
FLRERA T AT R BEARERLET | LR
80% Jiti & T AT, 5 B e A AT A T it T 2 v
REFNTE EZ 19 0 F o LA, R A RS A 9 B B o5
LAl

x3 ARAEMNKETWERRERSER M

Table 3 Effect of different treatments on the accumulation and distribution of dry matter in soybean

SR AT
g Accumulation of dry matter/ ( g-plant ~!) Distribution rate of dry matter/%
Treatment TFF £33 1 (SR AN Y L/ S 0 sz i LR
Stalk Pod shell Root Seed Total biomass Stalk Pod shell Root Seed
CK 8.15d 10.20 ¢ 0.75 ¢ 12.91d 32.02d 25.46 ¢ 31.87 a 2.35¢ 40.32 b
100% UN 9.18 ¢ 10.23 ¢ 0.98 b 14.03 ¢ 34.42 ¢ 26.67 ¢ 29.73 ab 2.85b 40.76 b
100% AUN 14.01 a 11.59 ab 1.19 a 15.39 b 42.18 a 33.22 a 27.48 be 2.82b 36.48 ¢
80% AUN 13.21 a 10. 76 be 1.21 a 16. 08 ab 41.25 a 32.02 a 26.07 ¢ 2.93 a 38.98 bc
80% AUN +JM 11.65 b 10.16 ¢ 0.72 ¢ 16.29 ab 38.82 b 30.01 b 26.17 ¢ 1.84 d 41.97 ab
80% AUN +FM  10.36 b 11.04 b 1.19 a 16.78 a 39.37 b 26.31 ¢ 28.03 b 3.03 a 42.62 a
80% AUN + HM 11.67 b 11.49 ab 1.09 ab 15.98 ab 40.23 ab 29.01 b 28.55 b 2.72 b 39.72 b
80% AUN + CM  12. 66 ab 12.05 a 1.18 a 16. 36 ab 42.26 a 29.97 b 28.52 b 2.80 b 38.72 be
25 FRAEMATFERLMEEFORM U

Jiifs AUN AbFR R A 3038 I 2 = T X
HEF 100% UN AbFE 5351|488 2 36 /i 20. 8% ~28. 5%
F112.4% ~19.6% , 1) 80% AUN + HM .80% AUN +
CM F1 80% AUN + JM Ab 3% 5 i 4, 100% AUN |
80% AUN + CM .80% AUN + HM #1 80% AUN + FM
Qb PR ) R 3 JE AR IR 4 i 3 1 X RN 1009% UN
AhBE Ay ) A 2 BN 173.0% | 160. 6% . 92.7% .
67.7% M1 135.2% 124.5% .66. 1% 44.5% . if5
AUN ZhFR ) K 2 S IR 3 I 255 X R 100%
UN ZbFH 435145 2 3690 19. 6% ~43. 7% F1 10. 2% ~
32.5% , 1}k 80% AUN + CM .80% AUN + HM K 100%
AUN Kb o A it 280 A0 38 1) K 7 s i 3%
2 e TN IR BAE R 4. 4% ~12.3% , 1) 80% AUN +
HM Ab BRI I8 5 K . BT AT AUN Ab ) K 0 = e 3y
BEETXHRF 100% UN LB, 48850) B 1 19. 2% ~
30.0% , % 100% UN gh PRI 9. 7% ~19.6% , L)
80% AUN + FM SURFeiif (R 4) o 45 R ERW, 745
it AR AR T U 0 S R A5 R 7 RO A T
IR 80% i A i 551 T, ST R A MU B i

2.6 FAEAEMAKEREZRBRAAYENZIG
K 2 7%, 100% AUN 80% AUN + JM Fi1 80%
AUN + CM ZbH R G PRk R A R 3 T
F1100% UN kb PR, 735 % Z 34 18. 9% (18.3%
26.9% F1 5.5% .5.0% .12.6% , 1) 80% AUN + CM
A FR 5 5 A1 ,80% AUN + FM Ab B B RE 28 R AR
A TR 13.9% . Ty AUN 3R R
FI R B35 T 100% UN 4b2E 3410EH K 3. 6% ~
23.9% , 1)) 80% AUN + HM kb ¥ & 25, Hivk 2 80%
AUN 71 80% AUN + FM Ab ¥ ; It 4, 80% AUN ,80%
AUN + JM 80% AUN + FM Fi1 80% AUN + HM Ak ¥
W& T X IR, 43 5l 2 3G hn 13.0% 6. 6% |
14.2% 19.5% . 100% AUN .80% AUN .80% AUN +
FM F180% AUN + HM AbFRAY AR 9 B A 7= a0
47 58 2 2 %o BRI 1009% UN b B, 43 5114 ek HE e
10.9% .16.9% .8.0% 1 21.2% , % 100% UN ¥
16.2% 22.5% .13.2% 1 27.1% , 1’k 80% AUN I
80% AUN + FM Ab ¥R iz 5y, %45 R R M, ) 46 it 2
HAAET, IR 3E PR 2 A L, 1 3 SR AR 2]
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Table 4 Effect of different treatments on the yield and its components of soybean

Abp HREEEL TERERL LRy IR JER Ay Jrat Yield
Treatment Number of available pods Number of invalid pods ~ Number of total pods 100-seed weight/g /(g plant~!)
CK 33.67 d 4.67 d 38.33 f 21.22.d 12.91 e
100% UN 36.17 ¢ 5.42d 41.58 e 22.61 b 14.03 d
100% AUN 40.92 b 12.75 a 53.67 ab 22.15 ¢ 15.39 ¢
80% AUN 40.67 b 5.17 d 45.83 d 22.63 b 16.20 b
80% AUN + JM 42.25 a 6.42 cd 48.67 ¢ 23.27 ab 16.29 ab
80% AUN + FM 41.25 ab 7.83 ¢ 49.08 ¢ 22.91 b 16.78 a
80% AUN + HM 43.25 a 9.00 b 52.25 ab 23.84 a 15.98 b
80% AUN + CM 42.92 a 12.17 a 55.08 a 23.09 b 16. 36 ab
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Fig. 2 Effect of different treatments on the accumulation and nutrient utilization efficiency of nitrogen in soybean
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